Much attention is focused on conservation efforts to protect and recover threatened species. As part of these efforts, many projects attempt to manage sites containing populations of more than one threatened species. Evaluation of those multiple species projects is essential to determine their success and cost effectiveness in the conservation of threatened species. In this paper we report on the further development of the Cost Utility Analysis technique, previously tested on singlespecies programs, to the evaluation of multiple species projects. The results of tests on six New Zealand projects show that Cost Utility Analysis can determine the species conservation success and cost effectiveness of a range of different multiple species projects. The four projects that manage a high proportion of the total population of a threatened species were the most successful in terms of improving the conservation status of species. The Present Value cost per unit of output for each project ranged from NZ$425 000 to more than NZ$19 million. This research finds no evidence for the proposition that multiple-species projects are more cost effective than single-species programs in the conservation of threatened species. Multiplespecies projects may, however, have other outputs, such as advocacy and education, or ecosystem restoration that are included in their objectives and are, as yet, unmeasured. The versatility of the Cost Utility Analysis technique provides further support for its use both in New Zealand and internationally for the evaluation of both single species programs and multiple-species projects.
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Introduction
The recovery of threatened species is costly. Annual expenditures on threatened species programs are US$20 million in New Zealand (DoC 2001a) , US$280 million in the United States (Dawson & Shogren 2001) , and US$6 billion globally (James et al. 1999 ). James et al. (1999) estimate that global expenditures of US$22.6 billion per annum will be needed to protect 15 percent of global land area as natural reserves.
The case for expenditures of this magnitude is predicated upon the belief that they will be both sufficient and effective in preventing species extinction and biodiversity loss. Whether support for the first requirement is justified is dependent upon the success and cost effectiveness of species conservation efforts. This is largely an empirical question, but one that is rarely tackled despite the often very large expenditures already occurring.
While much attention has focused on single-species projects and programs, increasing interest and effort has been directed toward multiple-species projects.
Multiple-species projects can spread expenditures over several species and may provide a lower cost way to manage threatened species than do single-species projects and programs (Tear et al. 1995) . That possibility can be tested by measuring the success and cost effectiveness of multiple-species projects, and comparing those measures to the results for single-species projects and programs.
For expenditures on threatened species to be successful, they must produce some outcome in terms of the conservation of threatened species. There is, however, very little tangible evidence available to show that expenditures on threatened species projects are successful. A fundamental issue to be confronted is how to measure the success of threatened species projects. A recent paper considered this problem and concluded …'It was not possible to find an unbiased, objective metric for measuring effort put forth in recovery actions and to track relative success. At this time, in fact, many recovery management actions cannot be determined to be successful or unsuccessful' (Abbitt & Scott 2001 : 1281 . We report in this paper on the Cost Utility Analysis (CUA) technique we have developed to measure conservation effort put forth in protection and recovery actions, and to track the relative success of those actions.
Cost Utility Analysis (CUA) has been applied in some earlier studies to singlespecies projects (Cullen et al. 1999; Cullen et al. 2001) . In this paper we demonstrate how CUA has been further developed to align the measurement scale with the internationally usable IUCN Threat Categories. We report how we apply the technique to multiple-species projects and provide empirical results on the relative success of six New Zealand multiple-species projects in recovering threatened species and preventing biodiversity loss. Those results are subsequently compared to similar measures for single-species programs to determine whether multiplespecies projects provide more effective and lower cost recovery of species.
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Evaluation of threatened species projects
Many researchers from a range of disciplines, including biology and economics, have tackled evaluation of threatened species projects. A recent review of this literature is provided by Hughey et al. (2003) , who outline the wide range of approaches applied to evaluation of conservation efforts. A major conclusion of that review is the absence of empirical evaluations of real world threatened species and biodiversity projects. Much evaluation literature written by economists focuses on hypothetical projects including how to maximize habitat selection with a finite budget. The evaluation literature written by biologists focuses on population numbers, genetic uniqueness and other biological features, but neglects the contribution that can be made from economic analysis.
Our focus is on the success and cost effectiveness of multiple-species projects because managers in New Zealand are required to be cost effective in preventing, and mitigating the causes of species extinction and biodiversity loss (DoC 2001b).
Determining success and cost effectiveness requires quantifying both the inputs used and the outputs produced by these projects. The quantity of inputs used in threatened species projects can be measured using data on the costs of inputs.
Measurement of costs requires care in identifying the appropriate costs to include, but so long as there are adequate accounting records for projects, this is a straightforward task. Where they are relevant the costs can include the opportunity costs of resources foregone because of the threatened species project. Measurement of the success of biodiversity projects appears more complicated, and success at 4 preventing extinction of species is rarely measured, but is achievable. Our focus for measuring success is the conservation status of threatened species, compared to a counterfactual of their conservation status in the absence of the management provided by the project.
Cost Utility Analysis was developed more than thirty years ago to overcome a similar challenge in evaluation of 'human health projects' (Drummond et al. 1997) .
Projects have goals, and the contribution of projects can be measured by the extent to which they achieve their goals. Human health projects have objectives -overcome infection, suture the wound -but the fundamental goal is to improve human health, and maintain it at a higher level than it would otherwise be. Progress toward the goal can be described on a scale from 0.00 (death) to 1.00 (complete health). CUA is used to evaluate health projects by rating a patient's health status at regular intervals if medical intervention occurs, and comparing those ratings to a counterfactual, what their health status ratings would have been over the same period of time without medical intervention (Drummond et al. 1997) . In these studies the counterfactual typically is 'no change' in health status. The unit of measurement in these health evaluations is Quality Adjusted Life Years (QALY). The total measured output from a health intervention, measured in QALY, is the sum of the 'with intervention' health status ratings minus the 'without intervention' health status ratings over the chosen study period. A health intervention, for example, which improves a person's health status rating from 0.6 to 0.9, and which maintains that health status rating for ten years, produces (0.9-0.6) x 10 = 3.0 QALY.
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Biodiversity projects also have proximate objectives -reduce the numbers of predators, increase the area of habitat -but the fundamental goal is to conserve threatened species. Cost Utility Analysis can be used as a technique to measure the success of a project in achieving that goal. Cullen et al. (2001) explain how CUA has been adapted to quantify the success of New Zealand single-species projects and programs in improving the conservation status of threatened species using a unit of measurement named Conservation Output Protection Years (COPY). In this paper we report on how we have improved the technique, and show how success in terms of the conservation status of threatened species can be measured from multiple- Projects that do not improve the conservation status of a species from their 'without the project' status do not make a contribution to threatened species conservation.
Biodiversity projects may also have other goals, such as protection and restoration of ecosystems, development of management techniques, control of predators and pests, and advocacy and education. The overall success and cost effectiveness of a project should be evaluated in terms of all of their stated goals. In this paper, however, we focus on the success and cost effectiveness of projects in terms of conserving species as this is the fundamental goal of threatened species projects.
The measured annual contributions of a conservation project should be discounted before they are compared to the discounted costs of the project. Discounting of conservation output recognizes that there is a risk of extinction through stochastic events, and this risk will be greater the longer a species takes to recover. Hence timing of improvements in species' conservation status is important and discounting of the COPY produced is completed to achieve commensurability of outputs from each year of the project. Selection of an appropriate discount rate is often contentious and we evaluate the sensitivity of our results by using a range of discount rates in the empirical section of the paper.
Methods
A key requirement of the CUA technique is to find an appropriate scale for measuring the conservation status of species. Many countries and institutions have 7 developed classification systems to describe the conservation status of species using a set of well-defined criteria (Molloy & Davis 1994; USFWS 1990; IUCN 2001 ). In practice, many of these systems place each species in a threat category such as 'Endangered' or 'Vulnerable'. The Department of Conservation (DoC) Threat Classification System (DoC 2001a) is linked to the IUCN (2001) red list, but recognizes some unusual features of New Zealand species and ecosystems, particularly the relatively small habitat area of some species, the small carrying capacity of those habitats, and the low population numbers of some species.
In previous research we used a seven category system to measure species status (Cullen et al. 2001) . A species in one of the seven categories was then assigned the mean conservation status rating for that category using a linear scale, and a quadratic scale, both ranging from 0.00 to 1.00. The use of a categorical seven step scale reduces the precision of measurement of conservation output compared to the precision which can be achieved by using a continuous scale from 0.00 to 1.00. Use of a continuum from 0.00 to 1.00 allows for much greater accuracy in measuring changes in the conservation status of species than is possible with categories, as the status of most species changes only gradually over time.
To measure the conservation status of species we combined DoC's classification system with a cardinal scale to describe species status. We required project managers and species managers to estimate the status of a species on a continuum from 0.00 (Extinct) to 1.00 (Not Threatened) as illustrated in Table 1 . The continuum is linked 8 to the categories on the DoC (2001a) Threat Classification System and uses a quadratic scale which ensures that conservation status scores increase at a diminishing rate as a species moves closer to 1.00 (Not Threatened). The quadratic scale explicitly states that improving the conservation status of a species when it is critically endangered is a greater contribution to conservation than is improving its status when it is less threatened.
(Table 1 near here)
Project managers and species managers were asked to provide annual data on threatened species status over the study period for the project, 'with the project', and 'without the project', using the Table 1 scale. The projects vary in their year of commencement and hence the study periods range between 7 years and 14 years.
We calculate for each year studied the ('with the project' minus 'without the project') scores to determine the annual output from the project. Our unit of measurement is Conservation Output Protection Years, COPY (Cullen et al. 1999; 2001) . The (undiscounted) contribution of a project to the conservation of a threatened species present at a site is measured using the following equation.
Where:
Sitw is species' i conservation status in year t with management w 9 Sitw/o is species i conservation status in year t without management w/o A species management project, for example, which improves a species' conservation status from 0.30 (its 'without project' status) to 0.40 (its 'with project' status), and which maintains that status gap for ten years, produces (0.40 -0.30) x 10 = 1.00 COPY. A second species management project, which prevents a species' conservation status falling from 0.36 to 0.24, and which maintains that success for eight years, produces (0.36 -0.24) x 8 = 0.96 COPY. As noted earlier the annual 'with project' minus 'without project' scores are discounted using a range of discount rates when calculating the present value of COPY. We recognize that our measure is for a selected time period, and a project may deliver some conservation benefits after the study period, even if there are no further project expenditures. The size of these additional conservation benefits will be determined by the speed at which the species 'with project' status converges towards its 'without project' status.
For multiple-species projects, we add the (present value of) numbers of COPY produced for each threatened species identified by the project manager, to calculate the (present value of) total output from the project.
A number of steps were taken to ensure the information on species status and subsequent calculations of numbers of COPY produced by each project were as 10 accurate as possible. Project managers were sent a letter outlining the research project, and the technique to be used, a month before we visited them to obtain data on annual costs and species' annual 'with project' and 'without project' conservation status. All project managers were interviewed at least once, using a structured New Zealand biodiversity has suffered from the introduction of exotic plant and animal species that predate, and outcompete many of the native and endemic species (Towns et al. 1997 ). Programs to control or eradicate introduced species are vigorously pursued to reduce the threats faced by many native species. As well, many offshore islands, which are free of predatory species, are used as sanctuaries for threatened species. In some cases small numbers of threatened species have been translocated to pest-free offshore islands as either temporary, or long term habitats (Kanze 2000) . This strategy uses the surrounding sea to provide a barrier to reinvasion by pest species. Two obvious limitations to translocation are the number of pest-free offshore islands available in New Zealand waters, and the fact that there is no suitable habitat on islands for some species. Offshore islands and Mainland Habitat Islands often provide sanctuary to multiple threatened species, and expenditures at these sites are likely to benefit multiple species (Cowan 1992; Towns et al. 1997) . In some instances the threatened species managed at these sites may be umbrella species (Andelman & Fagan 2000) , and a number of other species can benefit from expenditures targeted at one species. The challenge is to determine the output produced at these sites where multiple species are expected to benefit.
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Results
Some key features of the six ongoing New Zealand projects studied are outlined in Table 2 . Three of the sites are offshore islands and three are Mainland Habitat Islands. All projects have more than one threatened species present and are directed at conserving these species, as well as other project goals. Five of the six projects have a goal of protection and restoration of the ecosystem. Five of the projects have a goal of threatened species conservation, and the sixth, Rotoiti, has a goal of protecting native species and allowing their populations to recover. Not all expenditures at these sites are directed at improving the status of threatened species.
At three of the sites, some expenditure is for public education and advocacy purposes. Managers of these projects were asked to provide a success rating for each of their project's stated goals. Those ratings are included in Table 2 . These selfassessments can be compared to the results for threatened species conservation we report in Table 3 . In the offshore islands projects, threatened species have been translocated to the sites for temporary or permanent sanctuary. The status of a site can be a constraint on the ability of a project to conserve threatened species.
Legislation in New Zealand allows species to be introduced to Nature Reserves and Scientific Reserves but only allows re-introductions of species into National Parks.
( Table 2 near Table 3 . A zero discount rate has been applied when calculating the numbers of COPY in Table 3 . The effect of discounting of COPY using 0, 3, 6, and 10 percent discount rates are reported in Table 4 .
(Table 3 near here).
We judge that COPY provides a valuable assessment of the success of a project but recognize that it is not the only possible measure of success for these projects. An alternative measure is the gap between a species 'with project' status score and its 'without project' status score in the final year of the study period. Equation 3 defines this measure which we term Gain. Table 3 . It is apparent that the Gain values are considerably smaller in magnitude than COPY values for each species and for each project, but the relative success of the six projects studied is unchanged if we focus on the Gain scores.
It is well understood in New Zealand, and increasingly in other countries (Doerksen et al. 1998; USFWS 1990 , Engeman et al. 2002 , that threatened species projects incur significant annual management costs. Table 4 lists the Present Value of management costs of each of the six projects, measured in New Zealand dollars. These costs do not include the costs of habitat purchase that are the focus of many North American studies (Montgomery et al. 1994; Hyde 1989; Polasky et al. 1999 ). All six New Zealand projects are sited primarily on state owned land, and legislation prevents the land being available for other activities. There are no opportunity costs for the sites in the annual costs. There is however an annual capital charge calculated at 10 percent to the operational costs of projects, which is included to estimate total project costs. We report in Table 4 the Present Value (PV) of costs using discount rates of 0, 3, 6 and 10 percent, and the annualized cost of each project over the period we study. Table 2 the projects have differing commencement years. The level of expenditure can vary between years in these projects, and annualized costs are a useful way of describing the level of expenditure for each year of a project. All costs have been converted to 2001 dollars using the Statistics New Zealand Producers Price Index, Inputs, for All Industries. Each of the projects requires significant annual expenditure to plan, reduce pest numbers, monitor species, manage threats and other activities. Numbers of COPY produced by each project are discounted at 0, 3, 6, and 10 percent rates to allow calculation of cost effectiveness ratios in Table 4 .
As reported in
(Table 4 near here) Discussion
Our principal goal is to measure the success in terms of the conservation of threatened species and the cost effectiveness of the expenditures for these six projects. We use CUA to evaluate progress towards a goal of improvement in the conservation status of species. Table 3 reports the conservation status in 2002 of the species studied, the percentage of the total population of the threatened species managed by each project, the non-discounted numbers of COPY produced per threatened species, and their GAIN scores at each of the six projects. There are very large differences in the measured output of these projects for the periods we study.
Explanations for these differences in measured output may include variations in project life, proportion of a species' total population managed at the site, degree of threat facing a species, lifespan of a species, and the barriers to improvements in conservation status of a species including predation rates, low breeding success and long lifespans. Notably, the Little Barrier Island, Maud Island, Hurunui, and River Recovery projects have operated for seven or more years, include a large proportion of the total population of at least one short lifespan threatened species, and the first three of those projects have achieved significant success with at least one threatened species. In contrast the Tiritiri Matangi and Rotoiti projects provide habitat for small fractions of the total population for each threatened species present, and the projects have made small contributions to improving the status of those species compared to their status without the project. Recovery of some species often takes many years, but the Rotoiti project has been in operation for only five years.
Interpretation of the output data, the numbers of COPY produced for each species at a project, is aided by focusing on two species 'with the project' and 'without the project' status scores. The Black Stilt is a 'Nationally Critical' species that has made a small improvement over its 'without project' status as a result of the project. Project River Recovery has produced 0.07 COPY through management of the Black Stilt. In contrast, the Stitchbird is only an 'At Risk -Range Restricted' species throughout the project lifespan, but without the project its status would have steadily fallen to reach Chronically Threatened. The Little Barrier project has produced 1.39 COPY through management of the Stitchbird. Table 4 reports the Present Value (PV) in NZ$ of expenditures over the life of the project, using four discount rates, and their annualized costs per hectare. Noticeably, the three projects with the smallest areas have seventeen times greater costs per hectare than do the three larger projects. Some explanations for these cost differences can be provided. Rotoiti and Tiritiri Matangi projects have multiple goals including advocacy and education and these activities significantly increase cost per hectare compared to projects that do not pursue those goals. Tiritiri Matangi, the smallest project area, costs fifty-six times more per hectare per year than does Hurunui, the largest project area. Only half of the Hurunui project area is actively managed, the remaining half is unmanaged to provide a control area. The annualized costs per managed hectare at Hurunui are shown in Table 4 .
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These projects require major investments each year and we can calculate the relative productivity of each investment by comparing measured output produced by March 2002, to the size of the total investment. Table 4 and progress is very slow in improving its status. As well as Project River Recovery, a Black Stilt program also manages this species and much of the Black Stilt's improvement has been attributed to that program. Tiritiri Matangi manages small though increasing percentages of the total populations of threatened species, hence it makes minor contributions to the species' status. Rotoiti provides habitat for the South Island Kaka, a Nationally Endangered species, and two other endangered species, but the project manages only small percentages of the total populations of species, hence it has little potential to produce any COPY until it manages a larger proportion of some threatened species' populations.
Comparison of multiple species and single species projects
The results presented in Tables 2 and 3 indicate that five of the six projects studied have contributed to the management of threatened species, either through improving or preventing decline in the species' conservation status. A maximum of three threatened species per site benefited from a project. The success of each project at threatened species management is measured by summing the COPY produced for all known threatened species at each site. It is also indicated by way of the GAIN measure.
Managers of the projects we studied were asked if there were umbrella species present, and they all reported at least one umbrella species present at each site.
However few of the species sheltering under an umbrella are classified as threatened species. We have measured the COPY produced by the project during the study period for the threatened species at each site nominated by the project managers.
Other species, including those which might benefit from expenditures on umbrella species, are either not threatened and/or are not present in sufficient numbers to be of importance in this context. Increases in population numbers of those species may provide value but the expenditures do not contribute significantly to their conservation status. Although we have measured the status of only a few of the 20 array of species at each site, the total COPY produced provides a valid indication of the overall contribution of each project to the conservation of threatened species.
This result is of considerable significance as it greatly reduces the information required for evaluation of multiple species projects.
The PV of costs per discounted COPY reported in Table 4 can, with caution, be compared with the PV of costs per PV of COPY reported in Cullen et al. (2001 : Table   7 ). Cullen et al. (2001) also use a quadratic function to measure output from programs, but their measurement scale is based on seven categories rather than a continuous scale as used in the present research. The impact of using the categorical scale is the likelihood that the measurement of output produced by projects, and so their cost effectiveness, will be underestimated because the seven category scale is too coarse to detect small gains in species status. Recognizing those caveats, it is notable that eight single-species programs (Cullen et al. 2001 : Table 3 ), have achieved greater success in the conservation of threatened species (mean COPY of 1.13) than the six multiple-species projects included in this study (mean COPY of 0.79 at 6 percent discount rate). The mean cost effectiveness ratio of the singlespecies programs (cost per COPY at a 6 percent discount rate) is $645 482, only 28.6 percent of the weighted mean cost per COPY for the six multiple species projects which we have studied ($2 249 114 per COPY at a 6 percent discount rate). We conclude there is no evidence from the projects and for the time period we have studied, indicating that multiple-species projects have either success, or cost effectiveness advantages over single-species programs in the recovery of threatened species.
The expectation that Mainland Habitat Island projects will have relatively high costs and returns (Saunders 2000; Saunders and Norton 2001) is only supported by the data on costs. The three Mainland Habitat Islands have a mean annualized cost of $314 658, double that of the three offshore islands ($154 110). However the three Mainland Habitat Islands are less successful in the conservation of threatened species (mean COPY 0.44 at 6 percent discount rate) than the three offshore islands (mean COPY 1.15 at 6 percent discount rate), and are less successful than eight single species programs in Cullen et al. (2001: Table 3 ) (mean COPY 1.13 at 6 percent discount rate). These results are in accord with the results reported by Boersma et al. (2001) who found that U.S. species in single-species recovery plans were four times more likely to be improving in conservation status than were species included in multiple-species recovery plans.
Our analysis focuses on measuring the success and cost effectiveness of the projects for threatened species conservation. As already pointed out, however, the conservation of threatened species is not the only objective of the six projects. Each Table 7 ). This result occurs because of the high costs of the project which include advocacy and education activities and the small contribution to improving species' progress achieved at Tiritiri Matangi. River Recovery provides management for a high proportion of at least four threatened species but it provides a smaller contribution to their conservation status than does the more focused Black Stilt recovery program.
Conclusion
We have shown how success and cost effectiveness can be measured for six multiple-species projects using relatively simple, low cost techniques. Project success can be measured by comparing the conservation status of threatened species present at a site, to the threatened species status without the project, using a conservation status continuum linked to the DoC Threat Classification System. Measurement of the output for threatened species conservation from projects during a study period is accomplished by calculating numbers of COPY produced through management of each threatened species present at a site. Total output for a project during a study period is the sum of the COPY produced from threatened species present at a site.
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The Present Value of costs of projects can be compared to numbers of discounted COPY produced to allow cost effectiveness calculations to be completed. Because the DoC classification system is linked to the IUCN classification system, the evaluation approach can be applied internationally. Three sites, each with a high percentage of at least one threatened species present, achieved greatest success for the conservation of threatened species by significantly improving the status of at least one species compared to its 'no project' status . Sites lacking a high percentage of at least one threatened species contribute little or nothing to species conservation. The six projects vary greatly in area, and in expenditures per hectare. Their annualized costs range from $80 000 to $500 000, but their cost effectiveness varies by a factor of at least forty-five. This research found no evidence that multiple-species conservation projects are more cost effective than are single-species programs. Mainland Habitat Island projects with their more intensive 24 monitoring and reporting, and need for ongoing pest control, are more costly, and less productive than are offshore island, and single-species programs. Abbitt and Scott (2001) have argued that it is not possible to measure effort put into species recovery actions and to measure their success. A recent evaluation of biodiversity projects funded through the Global Environment Facility found that only 17 out of 210 projects had sufficient information to assess the projects' impact on biodiversity Singh and Volonte (2001) . We have demonstrated in this paper that
Cost Utility Analysis provides a low cost practical methodology for evaluating species conservation efforts. The technique requires collection of information from project managers and species experts on costs and species status followed by some data analysis. Where these data collection and analysis requirements can be met Cost Utility Analysis can provide valuable information for project funders and decision makers. 
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